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Activation of NF-kB transcription factor is crucial for survival, proliferation, and differentiation of T cells. In
this issue of Immunity, Paul et al. (2012) demonstrate that autophagy is a pathway by which TCR-activated
NF-kB is turned over.The nuclear factor kB (NF-kB) is necessary
for T cell activation, survival, and prolifera-
tion, as well as effective immune re-
sponses. Ligation of the T cell receptor
(TCR) initiates a number of extracellular
signals that link TCR to the IkB kinase
(IKK) complex, a critical mediator of the
NF-kB nuclear translocation (Schulze-
Luehrmann and Ghosh, 2006). Among
proteins that activate IKK,Bcell lymphoma
10 (Bcl10), together with its two binding
partners CARMA1 and MALT1, play the
pivotal role mediating TCR-induced
NF-kB activation (Figure 1). TCR-depen-
dent formation of the CARMA1-Bcl10-
MALT1 complex (commonly known as
the CBM complex), recruits IKK and other
downstream signaling components lead-
ing to activation of NF-kB (Blonska and
Lin, 2011). Although this signaling cascade
has been investigated in detail, our knowl-
edgeabout themechanism that terminates
TCR signals to NF-kB is relatively limited.
Bcl10 contains an N-terminal CARD
domain and a C-terminal Ser-Thr-rich
domain. The CARD domain of Bcl10 is
responsible for the interaction with
CARMA1 and oligomerization after antigen
stimulation (Blonska and Lin, 2011). A
previous study suggests that Bcl10 is
phosphorylated at multiple Ser and Thr
residues in its C-terminal domain and
subsequently degraded through the ubiq-
uitin-proteasome machinery (Lobry et al.,
2007). The ubiquitin-proteosome-medi-
ateddegradation ofBcl10 results in attenu-
ation of TCR-induced NF-kB activation
(Lobry et al., 2007). However, it has also
been shown that Bcl10 downregulation is
onlypartially affectedbyproteasome inhib-
itors and is accompanied by a transient
localization to lysosomal vesicles, suggest-
ing the involvement of a lysosome-depen-
dent pathway (Scharschmidt et al., 2004).
In the current issue of Immunity, Paul
et al. (2012) show that selective autoph-agy is in fact a major mechanism of
TCR-induced Bcl10 degradation. Autoph-
agy (intracellular degradation process or
‘‘self-eating’’) is an essential, homeostatic
process by which cytoplasmic content is
engulfed and degraded by the lysosomal
machinery. The most important role of
this process is adaptation to nutrient
deprivation, in which a starving cell reallo-
cates nutrients from unnecessary pro-
cesses to more-essential processes
(Yang and Klionsky, 2010). The molecular
process of autophagy is evolutionary
conserved and autophagosome biogen-
esis requires a group of genes, called au-
tophagy-related genes Atg (Yang and
Klionsky, 2010), that initiate the autopha-
gosome formation. Autophagy also func-
tions as a pathway to remove damaged
organelles and unfolded proteins from
the cell and to recycle macromolecules
and has been shown to function as
a mechanism of sensing pathogen-asso-
ciated molecular pattern (PAMP) from
intracellular pathogen (Kuballa et al.,
2012). Emerging evidence indicates that
polyubiquitinated proteins inside the cell
or from intruded pathogens can be tar-
geted to autophagy by several ubiquitin-
associated domain (UBA)-containing
adaptor proteins including p62 (Kirkin
et al., 2009; Kraft et al., 2010).
In the study by Paul et al. (2012),
the authors found that T cell activation
leads to the colocalization of Bcl10
with markers of the autophagosome-
lysosome degradation system such as
LC3 and Atg12 and subsequent degrada-
tion of Bcl10, suggesting that Bcl10
degradation is regulated by an autoph-
agy-dependent proteolysis. Consistently,
they found that Bcl10 was inducibly asso-
ciated with p62, which targets Lys63
(K63)-linked polyubiquitinated proteins
primarily to autophagosome-lysosome-
mediated proteolysis (Kirkin et al., 2009;ImmunityKraft et al., 2010), and inhibition of p62
expression blocked TCR-induced Bcl10
degradation. Furthermore, the more con-
vincing evidence that Bcl10 degradation
is regulated by the autophagy-dependent
mechanism was obtained by using CD4+
T helper 2 (Th2) cells from Atg3 condition-
ally deleted mice. In these cells, TCR-
induced Bcl10 degradation was signifi-
cantly impaired, which resulted in a higher
expression of CD25 and higher produc-
tion of IL-2 than that in wild-type cells.
Together, these results demonstrate that
an autophagy-dependent pathway is
involved in TCR-induced Bcl10 degrada-
tion, in which p62 recognizes and targets
K63-linked polyubiquitinated Bcl10 to
autophagy-lysosome-mediated proteol-
ysis, subsequently dampening the acti-
vated NF-kB signaling (Figure 1).
A previous study by Wu and Ashwell
(2008) reported that Bcl10 undergoes
K63-linked polyubiquitination upon TCR
stimulation, which is required for NF-kB
activation, and the site of ubiquitination
was mapped to Lys31 and Lys63 in the
CARD domain of Bcl10. As a result, the
polyubiquitin chain on Bcl10 can be
recognized by NEMO, a subunit in the
IKK complex, leading to the efficient inter-
action between the IKK complex and the
CBM complex (Wu and Ashwell, 2008).
Interestingly, Paul et al. (2012) demon-
strate that the K63-polyubiquitinated
Bcl10 was inducibly associated with
p62, and mutations of Lys31 and Lys63
in Bcl10 abolished TCR-induced colocali-
zation of Bcl10 and p62, thereby blocking
the degradation of Bcl10. These results
indicate that K63-linked polyubiquitina-
tion in Lys31 and Lys63 of Bcl10 probably
provides the docking site for p62, which
targets Bcl10 for degradation through
the autophagy-mediated mechanism (Kir-
kin et al., 2009; Kraft et al., 2010).
However, the authors found that inhibition36, June 29, 2012 ª2012 Elsevier Inc. 895
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Figure 1. Autophagy-Mediated Bcl10 Degradation Downregulates NF-kB Activation
Stimulation of the T cell receptor (TCR) induces NF-kB activation, as well as autophagy. TCR activation initi-
ates several proximal signaling events resulting in activation of the scaffold molecule CARMA1 and recruit-
ment of its binding partners Bcl10 and MALT1 (CBM complex). Further activation of CBM is required for
Bcl10 oligomerization and polyubiquitination. Only K63-linked polyubiquitinated Bcl10 can be recognized
by the regulatory subunit of the IKK complex, NEMO, leading to activation of NF-kB. K63-polyubiquitinated
Bcl10 is also bound by the autophagy adaptor p62 that associates with LC3 and is incorporated to the au-
tophagy pathway, which leads to degradation of Bcl10 by autolysosome-mediated proteolysis. Therefore,
NF-kBsignalsare regulatedby theavailability ofK63-polyubiquitinatedBcl10andp62-mediatedautophagy.
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Previewsof p62 expression not only impaired Bcl10
degradation but also blocked NF-kB acti-
vation. These results suggest that both
the initial activation and later dampening
of TCR-induced IKK activation require
p62-mediated processes. Therefore, it
remains to be determined what is the
mechanism by which p62 switches its
role from activation of IKK to targeting
Bcl10 degradation. In addition to the
K63-linked ubiquitination, previous stud-
ies also show that TCR signaling induces
K48-linked polyubiquitination on Bcl10
(Wu and Ashwell, 2008). Thus, it remains
to be determined to what extent the pro-
teosome-mediated pathway contributes
to the degradation of Bcl10.
One of surprisingfindings from the study
by Paul et al. (2012) is that the autophagy-
mediated Bcl10 degradation was not
accompanied with MALT1 degradation
althoughBcl10 is constitutively associated
with MALT1, suggesting an unknown
mechanism that dissociates autophago-
some-engulfed Bcl10 from MALT1 after896 Immunity 36, June 29, 2012 ª2012 ElsevTCR stimulation. Previous studies by the
samegroup show that TCRsignaling leads
to theoligomerizationofBcl10andMALT1,
forming a cytoplasmic punctuated struc-
ture, called POLKADOTS (Rossman et al.,
2006). In the current study, Paul et al.
(2012) found that Bcl10- and MALT1-con-
taining POLKADOTS are colocalized with
autophagosomal marker LC3 after TCR
stimulation. Bcl10 became concentrated
with LC3 speckles and then degraded,
leaving aggregates ofMALT1. Themecha-
nism by which MALT1 regulates dissocia-
tion from Bcl10 was implicated with
autophagy inhibitor 3-methyladenine
(3-MA) and with lysosomal degradation
inhibitors Bafilomycin A1 (BafA1) and
E64d. Treatment of cells with 3-MA blocks
Bcl10 dissociation from MALT1, whereas
lysosomal degradation inhibitors did not
have effects on TCR-induced separation
of Bcl10 from MALT1, suggesting that the
autophagosome-forming step is critical
for the separation of Bcl10 and MALT1.
Once the autophagosome was formed,ier Inc.Bcl10 was also separated from MALT1.
Therefore, lysosome degradation inhibi-
tors can inhibit only Bcl10 degradation.
These results suggest that an autophago-
some-associated component may post-
translationally modify Bcl10, which disso-
ciates Bcl10 from MALT1. Future studies
are needed to test such a possibility.
Another surprising finding in the study
by Paul et al. (2012) is that the autoph-
agy-mediated Bcl10 degradation oc-
curred only in activated or differentiated
effector T cells, and this regulation of
Bcl10 was not observed in naive T cells.
In this study, the authors were unable to
explain this phenomenon. Therefore, the
mechanism behind this selective effect
on activated and differentiated effector,
but not naive, T cells will need to be inves-
tigated in future studies.
To date, the impact of autophagy on
other signal transduction cascades has
not been fully defined. These new findings
by Paul et al. (2012) have set an example
in which autophagy can function to nega-
tively regulate an activated signaling by
‘‘self-eating’’ the keymolecules in apartic-
ular signaling cascade. Therefore, it will
be interesting to determine whether other
signal transduction cascades exhibit
similar ‘‘self-eating’’ phenomena.REFERENCES
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